ABSTRACT -The purpose of this article is to highlight an uncommon combination of supranuclear downward gaze paralysis with bilateral eyelid ptosis in a 53-years-old man with a radiation induced midbrain tumor and to discuss the aspects regarding the centers and pathways that mediate supranuclear vertical gaze movements.
The structures and pathways that control the vertical eye movements are complex. In 1883, Henri Parinaud described three types of vertical gaze paralysis 1 , which are: upgaze (most frequent); both upward and downward gaze simultaneously; and downgaze (uncommon). All three types may also be associated with convergence paralysis 2 and lid retraction 3 . Downgaze paralysis caused by a tumor has been rarely reported in the literature 1, [4] [5] [6] . We describe a patient with bilateral eyelid ptosis, downgaze voluntary saccades, and pursuit paralysis due to a radiation induced midbrain tumor. We also discuss the aspects regarding the nuclei and pathways that mediate supranuclear vertical gaze movements.
CASE
A 53-year-old man underwent resection of a left cerebellar hemangioma and ventriculoperiteal shunting with adjuvant local fi eld radiation therapy when he was fourteen years old. In May 2003, he started complaining of diplopia and developed ptosis on the left eye, which progressed in a few months to a bilateral ptosis. The symptoms and signs were not affected by eye movements, and did not fl uctuate over the day. His general examination was unremarkable. By forcible frontal muscle contraction, we could observe a discrete left exotropia in primary eye position. He was not able to make downward saccades spontaneously or on command, and could not follow downward moving objects with smooth-pursuit eye movements. Upward and horizontal saccades and pursuit movements (Fig 1) , as well as the horizontal and vertical doll's head maneuvers were intact. The orbicularis oculi strength was normal. Convergence was absent. Pupils were reactive to the light and symmetric. No other abnormalities were observed in the neurological examination.
The magnetic resonance imaging (MRI) (Fig 2) showed a midbrain lesion. A stereotaxic biopsy of this lesion revealed an anaplasic astrocytoma (WHO grade III).
Despite the treatment, the patient's neurological condition worsened, and he died 25 months after diagnosis.
Her sister gives us the written consent for this publication.
DISCUSSION
The midbrain houses centers and pathways that mediate supranuclear vertical gaze generation, neural integration in the vertical plane, and vergence movements. In this region, there are three key structures that control the vertical gaze 7 : a minute group of medium-sized cells located medial and dorsal to the rostral part of the red nucleus and lying interstitially within the medial longitudinal fasciculus (riMLF); the posterior commissure; and the interstitial nucleus of Cajal 1, 6, 7 .
Taking into account both the clinicopathological fi ndings and the results of experimental studies 1, 3 we have a clearer impression that slightly different lesions in these three structures are responsible for central up versus downgaze paralysis 1, 3, 7 . The riMLF is the principal pre-motor structure for the generation of voluntary saccades in both vertical directions. Circumscribed and symmetric lesions in his efferent way result in downgaze paralysis 1, 4, 8 . The pre-motor areas controlling smooth pursuit movements are less clear 3 .
The riMLF receives afferent innervation from regions controlling eye movements, such as the paramedian pontine reticular formation and vestibular nuclei, and sends efferent bilaterally to the oculomotor nuclei 1 .
There is a separation between the burst neurons in the riMLF for pathways of upgaze and downgaze movements 2, 3 . Upgaze prenuclear neurons send bilateral projections to the elevator muscles crossing within the oculomotor nuclear complex. In contrast, axons that mediate downgaze project ipsilaterally to the depressor muscles 2, 8 . In our patient, although there was no pathologic study, we can conjecture an involvement of this second riMLF efferent axons by the tumor.
Another aspect to be considered is the bilateral ptosis presented by this patient. Eyelid movements are intimately coordinated with vertical eye movements 3, 9 . Neural coordination of vertical gaze and lid position is due to a synkinesis between the vertical acting extraocular muscles and the levator palpebrae muscle 7 . There are some situations associating brainstem lesions and bilateral ptosis. Lesions to pathways coursing in the fl oor of the third ventricle and in the rostral midbrain, or in the central caudal nucleus (CCN), that is the small subgroup of the oculomotor nucleus containing levator motor neurons, may cause bilateral ptosis 3 . Destruction of the periaqueductally gray matter (PAG), can also lead to ptosis 9 . More rarely, bilateral ptosis associated with ophthalmoplegia may occur by an isolated lesion of an unilateral nuclear oculomotor complex 10 . Although there have been several indications that some central structures may be involved, the precise mechanism and pathways responsible by central bilateral ptosis until now remain unclear 3 .
In respect to the tumor, even without knowing the fi rst radiation therapy schedule and dosage, we can speculate that the anaplastic glioma was radiation induced. Radiation therapy has important late effects on the CNS. Prominent among these effects are the radiation necrosis of nervous tissue 11, 12 and the appearance of tumors, which may be present as benign 13, 14 or malignant 15, 16 . Most of these are dose-
Fig 1. Eye movements (images taken from video). Bilateral ptosis with compensatory contraction of the frontal muscle and slightly left exotrophy in inert looking (A). Eyelid forcibly opened and symmetric pupils (B). Upward, right, and left eye movements (arrows indicate direction) are not limited (C,D,E). There was no movement down upon command (F) (or saccadic -not show)
. dependent and occur within the original radiation treatment fi eld. They are usually meningiomas 17 , sarcomas 18 , or gliomas 19 , but all types of nervous system neoplasms can occur 20, 21 . Children receiving prophylactic irradiation for acute lymphatic leukemia have 22 times higher chance of developing CNS WHO grade II, III, and IV astrocytomas in the fi rst fi ve to 10 years after radiation therapy 19, 20 . Similar to the Parinaud's syndrome 1 , our patient presented with a vertical defi cit of voluntary saccades and pursuit movements with preservation of oculocephalic refl exes. These aspects represent the fi ngerprint of the supranuclear nature of the process. However, our patient developed bilateral ptosis (no eyelid retraction) associated with downgaze paralysis (not up gaze paralysis). The convergence was impaired and pupillary reaction remained normal, which may or not occur in Parinaud's syndrome.
In conclusion, in light of the current knowledge and based on the neuro-ophthalmologic clinical examination and imaging aspects, we can assume the possibility of the involvement of the efferent riMLF connections and the central caudal nucleus, or the PAG, in a patient with midbrain radiation induced tumor.
